Applicant: Matthias Hartrumpf 
Appln.No. 09/622,278 



Amendments 

In The Specification : 

Please amend the specification as follows: 

Page 1, replace the heading beginning on line 1 with the following rewritten heading: 

Background of the Invention 

Page 1, replace the paragraph beginning on line 7 with the following rewritten paragraph: 

For measuring bodies accessible from both sides, telecentric laser scanners have been used. 
Fig. 1 illustrates the pnnciple of these scanners. The scanner unit (1) emits a laser beam (2) directed 
onto the opposite receiver unit (4). When an object to be measured (3) is not placed into the beam 
path the beam path will arrive in the receiver without being influenced, and is detected there with 
a photo diode (6) disposed in the focal point of the optical system of the receiver (5). When the 
beam hits an object to be measured, it is vignetted. For measuring, the laser beam is shifted in 
parallel with the line interconnecting the scanner and the receiver at a constant rate (scanning rate 
v s ). When the scanning rate is known it is possible to calculate the size of the object to be measured 
along a direction normal on the shifting direction by derivation from the beam vignetting period. 

Page 1 , replace the paragraph beginning on line 26 with the following rewritten paragraph: 

In other scanning concepts, a specific diaphragm and two photo diodes are used, instead of 
one photo diode in the focal p.ane of the optical receiving system (EP 0 439 803). This concept 
permits the measurement of the shadow cast by objects having an extension smaller than the beam 
diameter of the laser beam. To this end, the Fraunhofer diffraction pattern is analyzed when the laser 
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beam is directed precisely onto the object to be measured. This point of time is characterized by the 
fact that the sum of both intensities is at a maximum. The size of the object to be measured is then 
determined by derivation from the ratio of the intensities measured by the individual photo diodes 
by that point of time. 

Page 2, replace the heading beginning on line 6 with the following rewritten heading: 

Brief Summary of the Invention 

Page 2, replace the paragraph beginning on line 20 with the following rewritten paragraph: 

The problem underlying the invention includes the improvement of the laser scanner 
measuring system in such a way that it will be suitable for measuring objects accessible from one 
side and/or having complex shapes or structures. In accordance with the invention, this is 
achieved by the laser scanner measuring system disclosed herein. Expedient embodiments of the 
measuring system are also disclosed herein. 

Page 2 insert the following heading and paragraph between lines 25 and 26 as follows: 

Brief Explanation of the Drawings 
Fig. 1 is an example showing the known principle of a telecentric laser scanner; 

Figs. 2a-d show examples of laser scanner measuring systems according to the present 
invention with different retro reflectors; 
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Fig. 3 shows an example of a laser scanner measuring system according to the present 

invention including a dark stop; 

Fig. 4 shows a further example of a laser scanner measuring system according to the 

present invention including a dark stop; 

Fig. 5 shows a further example of a laser scanner measuring system according to the 

present invention including a dark stop; 

Fig. 6 shows a further example of a laser scanner measuring system according to the 

present invention including a dark stop; 

Fig. 7 shows an example of a laser scanner measuring system according to the present 

invention having several (additional) retro reflector units on different positions 
relative to an object; 

Fig. 8 shows an example of a laser scanner measuring system according to the present 

invention, wherein the laser beam is split by optical means in a direction 
orthogonal on the scanning plane and wherein a separate receiver is provided for 
each scanning line; 
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Fig. 9a/b show two examples wherein a laser scanner measunng system accenting to the 
present invention is built as a modular system; and 



Figs. 1 Oa/b show different elements for use in 



modular system according to Figs. 9a/b. 



Page 2, replace the heading at line 26 with the following rewritten heading 

Detailed Description of the Invention 



:on 



line 27 with the following rewritten paragraph: 



Page 2, replace the paragraph beginning « 

The subject matter of the invention is a laser scanner measuring system for measuring 
objects accessible from one ride and/or having complex shapes or structures. In the following 
description, common reference numerals desenbed herein also refer to simUarly numbered 
features throughout the drawings. 



K 



on 



line 1 with the following rewritten paragraph: 



Page 3, replace the paragraph beginning < 

The measurement from one side is achieved by a laser seanner measurrng system which 
includes, for instance, a combined rlluminating/receiving unit (cf. tan 8 ,n F* 2). The ,aser beam, 
which is em.tted from the laser 12, passes through the beam splitter 1 1 and arnves, vra the deflector 
„„i, ,0 and the combined optical emrtter/receiving unit 13, in the outside space. When the laser 
beam hits on a reflecting surface element of the object to be measured, which has a surface normal 

„ arrives, v,a the optical system, the deflector unit and the beam splitter, on the detector 6. It is then 
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pos S1 ble to derive the position of this surface element with an orientation orthogonal on the laser 
beam from the measurement of the point of time by which the laser beam is reflected back. In this 
manner it is possible, for example, to determine the center of a polished or glossy rod having a 
circular cross-section. 

Page 3, replace the paragraph beginning on line 16 with the following rewritten paragraph: 

When the laser beam scans over an object surface having scattering properties varying in the 
measuring field, the extension of zones having a distinctly different scattering characteristic can be 
measured. When the object has a dull surface in the solid state and a glossy surface in the liquid 
state, for instance, it is possible to determine the Size of the liquid zone from the development of 
intensity versus time. 

Pages 3, replace the paragraph beginning on line 25 with the following rewritten paragraph: 

When a retro-reflecting unit can be arranged behind the object to be measured, when seen 
in the direction of emission (e. g. a retro-reflecting sheet 9a, mirrored cuboid corner 9b or a 
"lens-type" retro reflector), it is possible to measure further properties of the object. The retro 
reflector unit reflects the impinging beams along their own extension or in the direction 
orthogonal on the scanning plane (defined by the optical axis of the laser scanner and the 
direction of movement of the laser beam) back into the scanner receiving unit with an offset. 
With special configurations or arrangements of the retro reflector, specific types of measurement 
can be implemented. The following particularly excellent embodiments should be mentioned 
here as examples. 

Page 4, replace the paragraph beginning on line 21 with the following rewritten paragraph: 
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Thls techn i q ue of evaluation makes use of the diffraction of the limiting rays on the object 
edges. It is only slightly influenced by variations of the laser output and a variation of the intensity 
of the laser radiation in the course of the scanning operation. It can be realised with both a laser 
scanner with separate emitter and receiver units (cf. Fig. 3) and laser scanners comprising ajoint 
emitter/receiver unit (cf. Fig. 4). In the latter case, it may be expedient to dispose an additional lens 
1 6 ahead of the dark field stop. * 



Page 4, replace the paragraph beginning on 



line 27 with the following rewritten paragraph: 



When telecentric laser scanners in correspondence with prior art are used to measure glass 
tubes, malfunctioning may occur because there are three additional excellent beam paths, apart from 

S \> Shade edgeS 

receiver: 



the outside diameter, along which light arrives from the scanner unit in the 



Page 5, replace the paragraph beginning on line 9 with the following rewntten paragraph: 

The amplitudes of these signals low in arrays in correspondence with prior art and yet they 
are suitable to interfere with measurement. One of the inventive arrays leads to the effect that the 
reflections on the inner wall provide very well detectable signals with a high signal-to-noise ratio 
from which the wall thickness of the tubes can be calculated. These signals are appropriate for very 
good analysis by determining those points of time by means of the electronic analyzing system by 
which the signal reaches local maximum levels. One method to this end consists in a verification 
of the following conditions by means of the electronic analyzing system: 



Pages 5, replace the paragraph beginning on line 



22 with the following rewritten paragraph: 
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~" Interference may occur with this type of evaluation of the edges and the reflection when the 
measurement must be performed in a dust-loaded environment or in an environment presenting 
strong movements or turbulences of the air. In these cases a system can be employed to achieve a 
substantial increase of the robustness of the measurement. To this end, the recewer beam path rs 
split by means of a beam splitter 17 (cf. Fig 5 and Fig. 6) in such a way that one par. of the radiation 
arrives on a photo diode with a dark field stop ahead of it, while another par, of the radiation arrives 
directly on a second photo diode. The edges can be detected in the aforedesenbed manner. The 
intenstty measurement, which is additionally provtded, tssucd to ensure that on.y sipral maximums 
in the zone between the shadow edges will be used for evaluation. Interference caused by stnation 
in the air or by dust tn the zone outside the shadow edges are eliminated by inhtbiting the evaluation 
as long or as soon as the signal on the second photo diode exceeds a threshold (which can be set if 
necessary). 

Page 6, replace the paragraph beginning on line 1 8 w,,h the following rewritten paragraph: 

A position-sensitive photo diode moreover permits the simultaneous detection of the 

, „ reflection on the object surface and of the tilting ang.e of the object relative ,0 the scanntng plane. 
To this end, it is incorporated as a sensor m a receiver which is arranged a, an angle dtfferen, from 

0° or 180° relative to the optical axis of the scanner. 

Page 6, replace the paragraph beginning on line 23 with the following rewritten paragraph: 

When two receivers are arranged on opposite sides of the object to be measured, at an angle 
J> relative to the scanning dtrec.ion, it is possible to measure objects to be measured which have an 
"~ extension wider than the width of the scanned zone. When the receivers are arranged, for instance, 
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angle of ± 90° relative to the beam direction, a reduction by a factor of 2 05 is achieved for objects 
having a circular cross-section. This means that objects having an extension of up to 1 .4 times that 

" of the scanned zone can still be measured. 

Page 6, replace the paragraph beginning on line 23 with the following rewritten paragraph: 

As shown in Fig. 8, further geometric characteristics of the object to be measured are 
accessible to measurement if the laser beam is split by optical means 18 (such as a grid disposed 
in parallel with the scanning direction) in a direction orthogonal on the scanning plane. When 
separate receivers 4 are used, a separate rece.ver is provided for each scanning line. When a 
combined scanner/receiver unit is used, a grid is arranged preferably ahead of the beam splitter for 
splitting between the paths of the emitted and received beams, and splitting is performed by means 
of the grid. Then one respective photo diode or an element of a photo diode array is disposed in 
the path of the received beam in the focal point of the optical system per beam path to be evaluated. 
Due to the splitting of the scanning beam path into several partial beam paths, it is possible to 
determine the development of the object geometry along the plane orthogonal to the scanning 
plane. With this provision, it is possible, for instance, to detect reliably a conical extension of the 
object contour or a curvature of the object to be measured. 

Page 8, replace the paragraph beginning on line 22 with the following rewritten paragraph: 

For birefnngent or optically active sheets it is possible, for instance, to determine the length 
' of the optical path and thus the thickness of the layer or the ability of rotation towards the optical 
axis. To this end a scanner with a circularly polarised laser beam is used, together with a polarising 
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bean, spline, in the emitter or recetver beam pa.h, and for each partial beam path a photo detector 

(element) is disposed. 

Pages 8, replace the paragraph beginning on line 30 with the following rewntten paragraph: 

When, m addition to this split.,* one or several filters are inserted into the receiver beam 
^ path, which are selective in terms of wavelength, it is posstble ,0 measure the fo.lowtng parameters 
for substances (such as PET) displaying an intrinsic polarised flourescence: 

Page 9, replace the paragraph beginning on line 6 with the followmg rewritten paragraph: 

In the case of PET, the intrinsic polarised fluorescence occurs selectively in the non- 
■ ^ crystaHine zones. These are decisive for the mechamcal properties and for the receptivity for dyes 
t „f the object. Via a measurement of the momen.ums of the orientation distribution function, it ts 
~ possible to use the aforedescnbed system for a selective detection of the development and gradtent 
of these parameters in the material. 

Page 9, replace the paragraph beginning on line 1 1 with the following rewritten paragraph: 

Further characteristic parameters of the object ,0 be measured can be detected if two beam 
paths (the beam path coming from the object and a (possibly modulated) reference beam path or a 
second beam path passing through the object space or coming from the object) are superimposed in 
the receiver unit in such a way that the beams will interfere with each other. Depending on the 
conjuration of this beam path and the signal analysis i, is then posstble, in addition to the detection 
of the aforedescnbed characteristic parameters, to detect the spacing or the contour of an object to 
be measured along the direct.on of the optical axis, or to detect the velocity of the movement of the 
object to be measured through the scanning plane. When the retro reflector principle ts applied i, 
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possible to establish the reference beam path in the form of a Michelson interferometer, for 
instance, inside the combined emitter/receiver unit. In the event of application of a separate receiver 
unit, the reference beam path (passing by the object to be measured) can be guided through the object 
space or by means of optical guides from the scanner to the receiver. 

Page 9, replace the paragraph beginning on line 1 1 with the following rewritten paragraph: 

The aforementioned types of measurement may be combined with each other optionally. 
This can be realized in a particularly expedient manner when a modular system is provided which 
includes a scanner head, a measuring module and possibly a receiver housing with the optical 
system. As shown in Fig. 9, the scanner unit 1 includes a laser (12), a deflector unit (10), and an 
optical system 19, as wells as the following additional components, if necessary (when the reflection 
or retro scattering is measured or when a retro reflector unit is employed): receiver module (20) and 
scan start and scan stop reflector (14). 

Page 10, replace the paragraph beginning on line 6 with the following rewritten paragraph: 

The receiver module is provided ^ith means for mounting detector modules thereon (cf. the 
schematic illustration in Fig. 10b), lenses or mirrors (items A to H in Fig. 10a) and beam splitters 
(cf. items Stl to St3 in Fig. 10a). Alternatively, a position-resolving photo diode D5, a filter D6, a 
Wollaston prism D7 and a retarding plate of a Glan-Thomson prism D8 can be used in the present 
invention. Depending on the equipment of the receiver module and the selected arrangement 
various measured parameters can be derived. Some examples thereof are listed in Table 1 : 



